ECE-656 Key Equations (Weeks 1-16)

Physical constants:
n=1.055%10"" [J-s] my=9.109x10"" [kg]  &,=8.854x10"" [Flem]
k,=1380x107 [JK]  k,=8.625x10" [eVK] ¢=1.602x10" [C]

Density of states in k-space:
1D: N,=2x(L/2n)=L/x  2D: N,=2x(4/4n*)= 4/2n’ 3D: N,=2x(Q/8n) = Q/4n’

Density of states in energy (parabolic bands, per length, area, or volume):
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Fermi function and Fermi-Dirac Integrals:
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Landauer expressions for current:
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Distribution of Modes:

My (E)= (00D, (E) e, ()W =w (o)D) o, (E) 4= (v0)D, (£)

Transmission: 7 (E)=A(E)/(A(E)+L) Diffusion coefficient: D = <v:>< (1) >/2
Uni-directional thermal velocity: <v:> =0, =42k, T / Tm (n << 0)

Mean-free-path for backscattering:
4
AE)=2v(E)r, (E) 1D /I(E)=§U(E)rm(E) 2D l(E)=§U(E)Tm(E) 3D

(Diffusive) Coupled current equations: J =0Z —o0SdT/dx J'=ToSE —x,dT/dx
: : dT, dr
Coupled current equations (inverted): £ =pJ + Sd_ J!=nJ -k, e
X X

Transport coefficients:
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n=T,S (Kelvin Relation)
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Thermoelectric Figure of Merit: Z7 =
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Equation of motion in k-space: d (hl; ) / dt = F“e

Boltzmann Transport Equation (BTE): aa—]; +veV f+ Fe oV f= Cf

Collision integral:
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